An embedded Ethernet based on microcontroller ADUC812 and industrial Ethernet controller 8019AS are designed to deal with the problems of power quality monitoring system. This paper proposed a two-level power quality monitoring system which consisting of a general control layer and a field monitoring layer, the monitoring system is used to monitor the three-phase voltage, current and neutral current RMS of power network as well as other parameters in real-time, including three-phase unbalance, power factor, and power frequency. The main computer uses Lab VIEW as programming software to perform all the functions required for monitoring in the form of animations, charts, curves and virtual panels. This system not only has the feature of being easy to expand the functions and flexible configuration, but also has a high cost performance. So, it can meet the power quality monitoring requirements of modern industrial and civil constructions.
Introduction
With the improvement of national economy and living standards, the use of high-power electronic products and other asymmetric impact and non-linear load capacity continue to increase the voltage waveform distortion, voltage fluctuation and three-phase unbalance [1] . The problem is also becoming more and more prominent, so it is of great practical significance to study how to effectively implement on-line monitoring, analysis and data preservation for the power quality of sensitive loads [2, 3] . Although the field bus technology is relatively mature, but it was difficult to achieve a unified field bus standard in different environments [4, 5] . Therefore, the power distribution system of industrial and civil constructions need to developed a monitoring and management system which communication network with low cost, stable performance, multiple transmission media options, wide application, and rich shared resources.
Based on ADUC812 single-chip microcomputer and Ethernet controller 8019AS, this paper designs an embedded industrial Ethernet that can collect data in real time, and then uses it in power quality monitoring system to monitor various power quality parameters of power grid in real time. The software uses the graphical programming software Lab VIEW language as a development tool, with high reliability, high operating efficiency and a relatively intuitive software operation interface.
Monitoring System Overall Design
Because the power distribution environment is very complex and changeable, the user is far away, and the production layout is scattered. Therefore, the power quality monitoring network should be constructed by using industrial Ethernet suitable for high speed and long distance [6] . . The system is a network-centric security monitoring system consisting of the overall control management layer and the field monitoring layer. In Figure 1 , the core of the overall control management is the general control management computer, which adopts the dual-host redundant monitoring mode [7, 8] . Its main task is to send the commands to the data acquisition devices of the field monitoring layer. The field monitoring layer is mainly composed of various sensors and microcontrollers. Its main task is to complete the data collection and storage of various monitoring quantities according to the general control management computer, and upload the collected data according to the requirements of the main control computer. When the field monitoring layer is separated from the general control management computer, it can also partially monitor and manage the power quality parameters according to the program set by the microcontroller. 
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Other position power quality monitoring 1th Figure 1 . The overall scheme of two-level power quality monitoring system.
In Figure 1 , for the field monitoring layer, only one monitoring area is drawn in detail. When several areas are to be monitored at the same time, each field monitoring layer should be constructed and debugged separately, i.e. the transmission system of the device, the field data collection terminal, etc., and then plug them into the router through the j45 connector, and set the IP address.
Monitoring System Hardware Design
It can be seen in figure 1, the monitoring system is mainly composed of the microcontroller ADUC812, electronic circuit breaker, Ethernet interface circuit, various signal conditioning circuits, display and alarm circuits.
Monitoring System MCU Introduction
The ADUC812 is a high-performance microcontroller, which is produced by Analog Devices, Inc., and ADUC812 is a fully integrated 12-bit data acquisition system. It integrates a high-performance self-calibrating multi-channel ADC(8-channel 12-bit high-precision), two 12-bit DACs, and 8051-compatible core. Figure 2 shows the peripheral circuit diagram of the designed ADUC812, in Figure 2 , the buttons sk1, sk2, and sk3 are used to download a program to the ADUC812. The digital sensor SHTll has a temperature range of -40.0~123.8°C and a humidity range of 0~100%RH, which can be directly accessed by the microcontroller. The measurement command includes 3 address bits and 5 command bits. (The temperature measurement code is 0001l and the humidity measurement code is 00101). In this paper, the SHT11 serial clock input line SCK and serial data line DATA are respectively connected to the P0.2 and P0.3 pins of the MCU, and SCK is used for communication synchronization between the MCU controller and SHT11. DATA is used for the output of internal data and the input of external data. After the microcontroller issues a set of 8 bit measurement commands, DATA is asserted low on the falling edge of the eighth SCK clock. The ninth SCK clock is sent again as a command acknowledgment, and DATA returns to a high level after its falling edge. At the same time, the MCU can temporarily stop transmitting the clock sequence to enter the idle mode, ready to read the measurement data.
Data Acquisition Circuit Design

Ethernet Interface Circuit Design
The designed industrial Ethernet interface circuit is shown in Figure 3 . When the system is powered on and resets on the falling edge of RSTDRV, RT8019AS will read the status of each jumper pin. Write to the system configuration register as the system's default initial configuration.IOS0~IOS3 (pins 81, 82, 84, 85)I/O base address selection, used to select the starting address of the i/o port to make it all low, the starting address starts from 300h, the address bus connection Must be consistent with this; PL0, PL1 (pins 74, 77) network media type selection, set to "00" in this system means connection detection; BS0~BS4 (pins 67, 69, 71, 72) for BROM capacity With the base address selection, there is no connected in this system. Though disable BROM by setting BS4 and BS3 to low level. The chip pins are internally connected with a pull-down resistor of 100k, so when the pins are left floating, they are low by default and can also be left floating. All control functions or data transfers are done by accessing registers with an address offset of 00H~1FH, so only five address lines (SA4~SA0) are required, but the system jumper configuration The start address has been set to 300h, so when the address is strobed, the address lines SA8 and SA9 must also be set to "1". In this system, the lower five-bit address SA0~SA4 of RT8019AS is directly connected to the lower five-bit address bus of SN74LS373. The network isolation transformer S558-5999-T7 is used to reduce common mode interference and improve data transmission distance.
Power Quality Monitoring and Evaluation
Voltage and Current RMS
The voltage and current waveform signals are discretized and sampled, and are equally spaced samples to obtain a discretized sequence. { },{ } kk ui . After that, the formula for calculating the effective value of each parameter is:
Among them, N denotes the number of sampling points in one cycle; k u denotes the voltage instantaneous sampling value between the k time interval; k i denotes the current instantaneous sampling value between the k time interval.
Power Factor Calculation
The three-phase total active power p is calculated as follows:
Among them, , The apparent power is calculated as follows:
The power factor cos is calculated as follows:
Voltage Imbalance Measurement
According to the symmetrical component method, the ratio of the RMS value of the negative sequence component of the voltage to the RMS value of the positive sequence component is defined as the three-phase unbalance of the amount of electricity. In a three-phase system with zero-sequence components, the unbalanced degree  can be obtained as follows:
among them, U U denotes the root-mean-square value of the positive sequence component; W U denotes the root-mean-square value of the negative sequence component.
Evaluation of Frequency Deviation
This article uses the hardware frequency measurement method. Firstly, the input voltage is transformed and isolated, and then a smooth sine wave signal is obtained through a 50Hz band pass filter, and then a series of square wave signals are generated by a zero-crossing comparator, then the square wave signal is connected to the monostable trigger circuit. is used to obtain, and then the frequency of the input voltage is obtained by the T1 count value M of the ADUC812 in each square wave period based on the monostable circuit capture function. In order to accurately obtain the frequency of the input voltage, multiple measurements are required to take an average value.
System Software Design
The power quality monitoring software uses the graphical programming software Lab VIEW as a development tool to complete all functions required for monitoring in the form of animation, charts, curves and virtual panels. The field data acquisition modules are developed mainly with C language. The software flow diagram of the system is shown in Figure 4 . 
System Test
Because the labs used were resistive appliances, and there is no power equipment with a particularly large power, so the voltage fluctuations of the measured voltages are not obvious, and the rated values are well matched. The three-phase unbalance degree of the test is not obvious, and the error between the measured frequency and the rated frequency is not more than 0.1. The software interface of the master control management compiled with Lab view 8.5 is shown in Figure 5 . in every figure 8, the red (upper) curve denotes the measured voltage, and the white (below) curve denotes the measured current. 
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Power Quality Monitoring System Based on Industrial Ethernet
Conclusion
Based on ADUC812 single-chip microcomputer Ethernet controller 8019AS and software Lab VIEW, this paper designs an embedded industrial Ethernet that can collect data in real time, and then uses it in power quality monitoring system to monitor various power quality parameters of power grid in real time. The system is not only easy to expand, but also flexible in configuration. The cost performance can meet the power quality monitoring needs of modern industrial and civil buildings.
